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(54) ENCODING DEVICE, DECODING DEVICE. ENCODING METHOD AND DECODING METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To promote high density recording 
by keeping restriction on a set minimum run (d) and maximum 
run (k), inserting a digital sum value(DSV) control code by a 
number of bits having redundancy as less as possible and 
performing DSV control. 

SOLUTION: In encoding processing for inserting a DSV control 
code into a (d, k) run length limited RLL code string for 
performing DSV control, the (m) bit DSV control code of a bit 
pattern, for keeping the (d, k) limit and performing DSV control, 
is substituted for the bit pattern of a bit string to be substituted 
having (a) bits forming the original (d, k) RLL code string and the 
substantial redundancy of DSV control is made to be (m-a) bits. 
At the time of decoding processing for acquiring the (d, k) RLL 
code of released DSV control, the substituted bit selected by 
the corresponding information of the (m) bit DSV control code 
bit pattern to the (a) bit substituted string bit pattern is inserted 
into the (d, k) RLL code string and the control code is removed. 
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[§1*111] (d, k) 7>U>^X'J = f-y KfiF^ 

f >^;Hf AA'J o.-SlffllS:SETfesb^)X>n- KSB 
le&^T, 

±12 (d, k) 7>U>i/X'J Sf-; Kft^iJICfctf 
ficSWSKXliiS^IC&S-r^ a b'-y h:B©«B&b-y 

±12 tfy Hrt«WW^aoBI*je*l;*"^t»T. (d. 

k) ^>U>^X 'J Sf y Kf5-^?Ui:LT<75S/jN7>g; 
d 5> >ffc k ©IHIS*'* 0 e. f v^H* A A 

a) b'-y HfcOMWtt^Otry h/t* — >*«-«lca 

bT±f2 (d, k) 5>U>^X'J Sf-y K?J#?iJlC*f 
L Tjf AT -5 tffllff *f*f A#fg t , 

[!S#J12] ±t23?jai?SF#iSiR^g:li, (d, k) 7 

>S k ©fflfESr^ 0 t2.tf<b'r'J$ JHf AAU a.— 
SW£3&«^*;i£©T#*fflW?^©b*-y hA*-> 

a * - > $ jiiR-r s ± ? ic«b£ a nt 1^-5 c: t t 

[1**313] f^^AAu a-iafliioamsftfc 
(d, k) 7>1/>^X'J Sf-y vzmpi&mzfztixD 
f n-Fgglc:fct,>T. 
(d, k) 7>U>WJSf7 K£H^JKtfA£nT 

WWOKy hA^->t, ±fBfcli3P??#lfAiffiW7t© 
(d, k) 7>1/>^'JSt7 FffiW9*»J*T*a 
(fct'Ua<m) b'-y h?iJtf>b'-y hA* 

- > t taw? $ a *ifc*f tfwu&ift 

(d, k) 7>l^>^'J5f7 KflWKi*AS*VCl» 

±f2Wj£tS&£#SSLT. ±EMfra<M«U#ai;: J: 0 
MM b fc M 9 W# © b' -y h A * - > Ic^-T « B& b' y 
h?tJ<Db'-y hA*->£2t#?-f-5B&b'-y bJiJiilR^g 
<fc, 

±fES&b'-y hJ9»*l#SlcJ:oaiRSnfcty t-M? 
-><E>B&b'-y h^J£±f2ii»f?^<tS#&;L.5<fc:5lC 
LI, ±12 (d, k) 7>U>^X'J 5f-; Kff^ilC 



WLTtf A"f SM&b'-y htf^fSt. 

XX H -5 d <h £t$® t T -5 ?3 - K &B. 
[ii*«4] (d, k) 7>U>i^X'J if 7 H??^ 
?'J IC» L T x >* * JHf A A' 'J ^ - ©I ffll £ Jt * W X > 
=3-h'^f£lc*3^T. 

±f2 (d. k) 5>b>^X'J Sf -v Kft^JKfclt 
-5. f*v^HfAAUa-&ffl«fca©fWWft^©**A 
{siSWifiSfIXIJit^lCfiB-r'5 a h:5<D&B£b'-y 
h?U©b'-y SgSMk'7 h5"JOltt#XI4« 

^lZfirM-r-5^05f?^X«??^UWb*-y M*J^£SH5>J 
-T£b'y hrt«tt»J&3£. 

±f£b'-v hrt*«iwjaa©si»je*ic*"^i»T. (d, 

k) 5>U>i/7>'J5x-y Kff-^?Ui:bTOJS/h5>R 
d StfS* 7 k raMIBe* 0 ■=> fv^WAA 

a) b'-y hftOMWff^oey h/**— >*«-W£a 

±f2»«&b'-y h?"J<he#^A^«t'Plc 
LT±f2 (d, k) 5>U>yX'J Sf7 Kf5^?iJiCW 
bT»A-r-5SIffll^^#AmSi:. 

i -5 ICSDSSMTIr^ d i: Jl$lfr5X> 

[M«qi5] ±fe©js?f?^a^aiai4. (d. k> 5 

>U>^XU5f7 KW#5iJi:UTO«/h5>Rda^ 

36*a*#ffi-r*«^ctt. dne»«R©b'-y ha^-> 

-r^>l«*^4icf2«©x>=i- K2rfe 
[M«qi6] x->*^;u-y-A/\-'ji-©i«?w^$nfe 

(d, k) 5>1/>WJ Sf H?3F^J*f?2)fc«)«) 

(d, k) 7>u>^xu sf v Y&^mzn ASn^c 

^v 5 ^ JHf AA*U i — Hifl©fcJ6fflmt*7 hfiOSI^?? 

ffflt'7h/^->t. ±ISM«lf?^]f AWWtc© 
(d. k) ?>U>y*XUSfyHflH»Wft»«TSa 
(fcfc*La<m) b'-y hlWi^fy h?iJWb'-y hA^ 

— > t «fcJ**««*Bf JEO»»fB«IC*lft L 

(d, k) 7>1/>^X'J Sf -y H^ieif ASniH 
L/T. ±f2«IjSI??^ISS'J^)glC «fc 0 

iss'j b b v v >\9 - > <d mm iz w^t s b^ t 

h^J©b-y hA*->£3HR-r*B&b-;/ H?IJ^1R21S 

±f2B^b'-y h?iJ«JR^MllC<}:03M«$nfcb--y KA* 
->©B«b'-y h?iJSr±fe©Ii?IJ?^«i:B#^A-5«fcplC 
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LT, ±E (d, k) ^>U>^A'J 5fy Kt?*W(C 

- F#i£. 
[0 0 0 1 ] 

[%w<nm?z>i3iWittmi *R9Hi, (d, k) 7>u 

l/^> ? ^;b-!l-AA # Ui--SJ»0»l**nfc (d, k) 5 
[0 0 0 2 ] 

H (RLL :Run Length Limited) ffr-^ffl £nxt> 
£<8RLL?S^4i*ffiSE»£»LT^*;ii:** 

LTmm LTffSSiSft*. :®i54RLLm 
«/h 7 > d 7 > k ^BfS tftS <fc o tc©J6B£ nt 

45, r^>j ill 4 0' t T CD 2Mt^cfc^>^F^^JtZ 

*3^t, *i' <h *i' t^ratcaarr* 4 o* 

tc^^T (d, k) RLLfftaEtS. 
^>d=l, H*:^>k = 7 tfctb^nfzRLLtmX' 
(1, 7) RLL^^<h«l5-r^o $fc, «/h 
7>d <t«k*7>k©»JBBtc^^Tli, KB, r (d, 
k) MiSj t^o :ti:t^ 0 

[0 0 0 3] DSV (Digital Sum Value) ©J 

<, ««HScoJSViE»ll±»ff36«a8S>ttt^ ^CT% R 
LLff***R8tCEa?f^tLTfflUS{Ct4, DSVfW 
P£SSLT, ff#Woa»jBE»**ir^4«*jBjE»«:«^ 

[0 0 0 4] d(Oct3»RLLEafflP#tC*rLTDSV 

»J»3-K (5EfitfyM *RLL«F^JtZ*5ltS»rS 

ASft-5DSV«»a-HOt'yh/^->ll RLL 
?f^J«c45tt-5Jf Affl«Ma<Dt;y hfcODttffilzftCT 

RLLf£i?f^ (d, k) SJEfc^SCiGTCdaD 

T, ±E«J:'5(CUTDSVSijai3- K*<»ASilfcR 



L Lf?^JiJ(C*f LT^JAifNR Z I (Non Return to Zer 
o Inverted) XBSff SRSKtt, #ASnfcDSVHffl 

-toaaa^RLLW^iose/ifs 

(E^fUJWSnsctll^:*^ :ni:i:0, RLLft-^t 

<hTD s vsnis^ssns. 

[0 0 0 5] 

iHLTTLfik'^ hT*5DS Vfflfflzi- K£i*AT* 
Ci(Cj:oTRLLflP^t*tr*DS V«|»«:ff 

k*4, -c**fc*WDsvjwwa-H*»rtr«fc;y hfi 

LT**«E»{tO{Eit*ttiftt^Ci:3&«H*a 
[0 0 0 6] 

HfflS:»8fr*fcJe>, (d, k) RLLf?^i:LTcDm 
fe<D (d, k) iHia**o&5A-C, T^^fctt/LSS 

[0 0 0 7] £CDfc<&, (d, k) 7>l/>^XU=f 
v Kff^J (df4*'h?>», k(4^^:^>g:^^-r) 

— Kg«lC*3^T\ (d. k) 7>^>^'J=fyH 

hMtDfcfy hrtSt, *SR«««k*y h^Jco 

*«*J^ao«SU»*«C*-^tiT, (d, k) ^>U> 
i/X'J^T7 Hf?#?Ui:L/T<7)«/h^>ftd&^»*^ 

§ck^i:tT (d, k) 7>U>yx'J5f7H^'J 

[0 0 0 8] y*i;9)Wl*/VJzL-mWe>m&2 
ttfc (d, k) 7>U>^XU Sfy HW#yJ«:»Sfc 
»(Ox3-HS«tC*3liT, (d, k) 7>1/>^XU 

<h, Syfflft#J*AWJ<D7C<0 (d. k) 7>l/>^XU5 
T7Fi?^J^Mna (fc£:La<m) k'yhfiO 

75*»tt$ftfc»JS«*B»tt««t, (d, k) 5>U> 
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M*IM»flF#i:«*aA*J:5^LT. (d, k) ^> 
[0 0 0 9] Sfc, (d, k) 7>1/>^X U ^7*7 K 

w-^^i tc *# l x ^ * a a u i - mm * as-r » ^> 

l/^-H^Sl:^UT t (d, k) ^>U>^X'J ^ 

«&®www-*®» AiSBoiajwxttieatcffiB-r* a tr 

-y M*9*MJ8'Jfflao»8'Jtt*HS^>T, (d, k) ^ 
fHffl**Srr*££<&Te*, m (^;bm>a) fcfy 

SSAScfc^twUT (d, k) 7>l/>^X'J5f7 H^F 

tlfc (d, k) 7>U>5 r X'JSfyHfifWJS»4ft 
d6CD^n-H^tc43^T, <d. k) 5>U>^U 

WW#»A8tr©7c© (d, k) 7>l/>yxU5T7H 
«F^J*»J«T*a (f;/:L a <m) tfy h*<OB&fc: 
*y h^^->tt»*S-&fc»*«**Bfft 
(Dtei&^(c&^LTi5#, (d. k) 7>U>^U 

J: Oa&Snfc try h/^-XOBftt;* hiW 
Stt»??^t«*ax.SJ:5«cUT, ±12 (d, k) 5 

[0 0 11] ±IH*tJ5lE«Zcfcna, D S VSJt»^fr^7^56 
l;DSVfi|»3-KS (d. k) RLLW^JICfcfLT 
» AT*X>3- KfflgPSiCtt, 7t<D (d, k) RLL 
^'l«Snat'7 hflOtSBahf-y hW<Dhfy 
* — <d, k) BIBS*-3fc5iTDSV 



fc^y h^DS Vf&JfSPa- K 3 (cStl* 

inc^O, DSVtt»3-K<fcLT(D£Ktt&JL 
Sgfim-ah'7 htlfttCtA«T«5. 

[0012] Dsvaa«$n^ (d, k) 

fc'-y h<^DSVfflJ-H^t:7 h/^-><hah*7 h 
©I^t'7 bW<D\zy brt*->ti:*tfc2li1Z$t&m 

ScfcitzLT (d, k) RL Lf?^JKJf At* ^CtT 
DSVH»3-H*^S$nft (d, k) RLLSf^j 

[0 0 13] 

(ZiJUTtt. EStff^fl^jCtLT* (1, 7) RLL 

"^•r^o (1, 7) RLLtH*jtTlj:§/h7>d = 
1, l*7>k = 775W$nT^, o£9 (d. 
k) mmtLX, 4 1' <h 4 1' £C0|8](0 *0' 

1 7 TOlSIrtl:*^^*: 

t^fifi^ns. £&, NRZIJWTBRLLff^ 
©t'7MI^ 4 1' ©t#lC©^??-ftSS(E-r*<fc5JC 
LT^^^rfT^o &*3. NRZ I «PI$nSCt*Bf[ffl 

iUT> (1, 7) RLLTH *i T ^aau^ir^^ 
[0014] $.fz* ^<Dmw\^A<nmfrx*fivzt£ 

(1. RLLff*(O*UTfT5DSVB0WO««:) 

(3. **JS<7D«J|<ODS VfiH»3— K) 
<3-a. **JB<7)«!80DSVfilW3-KO**> 
<3-b. DSVa»3-Hgftf-^> 

(4. x>a-^o«fiEX««-s»fliaibfp) 

(5. ^a-^oflUBfiS^d^fflaibfp) 

[00 i5] (1. RLL»#»C»LTfr5DSV«W 
S"T, R L L 1/ Tff fcn* D S V fiW 

<D&*tQ&fc£;lZ~D\,*XVt9l'i'2>. ^CW^DSVffl 

m^ta, RLLmmzntzftnmzziLTDsvmfflz} 

- K£»AT ^dthtlcfcO, WAtfNRZ I «H«<DflF 
^ttJgtLT, ??-9?9ODSVffl^0(Cifi<ft-5<t5«*: 

[0016] i9 (a) iCte, R LLt^$nf:^l 
£ LT (1, 7) RLLSF-^^^tlT^^o C 
0 9 (a) (Z)3^JK&^T^iC;^Tftg7^ DSV 

mm^- K*if A-r*fc'«©fi:KT*st"r-5. ±e# 

Aft^lC*fLT, (b) (C^-r^iC, 4 tf 

y HfitCA^DS ViWffl!^- ALfct-TS. CIO 
BtCfe^Ttt, [0101] 0h'7 h/^->i;i5D 
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S VSJSJD- A^Tl^, fit, 09 (b) 
fl^f (1, 7) RLLff^yiJlC^UTNRZ I ffiBS: 

ffofcw^jctt, 09 (c) ics-r«^*->**»s 
n^>d(ttc^*A«, ::t-ii Dsviaaia-Hcey 

ffiT^/c^iC, DSVM»3-H^»ASnfcKMf*itC 
DS V©J«n- KtLT^Ot'^ h/N-^->rt(C '1* 

09 (a) (C^f (1, 7) RLLW^JlCfctLT. D 
SVJWa-HtU, MAtf [0 0 0 1] CDct-ptC 

' 1' tfiim (SRffl) ffSE-r^Ku/ h^^->*»A- 
Lrc^^dH. DSVfHHa- F<B!g<07*— $^J140 9 

(b) JC^-r*»/^^->*«RC-r*Ci:«caoT, R 

[0 0 17] (2. *38Wc5oJfc«») ±IEL 
fctiftR LLl?W:»t5DS VfWW*j£S«*£ L 

[0 0 18] DSVSiJ- KOffAKcfc^TflrH 
(d, k) SJH^^nScfcatlLTDS VSMB**^ 
"tSlctt, MAtfDS VfftlWzj-- H©f7 — >£ 

rDSVfft|fflln-K^#ASnfcttffi<7)t>tT, C£>D 

*H>T (d, k) 6JK*^SC£<0T**e';/ K'^- 
y^Wt^Cij * • • [SBKDftftO 

DSVftfJfflln- KS»^RLL??^i: 
LT<7) (d, k) ej»*^Sdi©T**fcf*;/ h/^- 
>SWLT^CtJ • • • »2^fH 
[0 0 19] fCT, ^JAtf ( 1 , 7) RLLflF^tCfcf 
LTD S VfflW$:ftO<D\Z. 0 9 Of^cD i v (C LTi 
icHffStf^ hfiJ;O0E*7Lfit*y h £ LT<7)D S Vftiffl 

a. gfiit, ±ieie» i co&#£S 

(d, k) IMIRt^a^t^-e*^^*****^*^ 

[0 0 2 0] *9Slffl»TttR L Lff-*t(& (d. 

k) MH**ot3ATDSV«|»^fft>n<btttl* 
r^iDSVB»J . DSV6Jf»<Dfc»<ODS ViHa^ 



-K*nfASrifcttS8TttRLLf?#tLT<D (d, 

^±DSV$iJffl!j <fcfcH5C£:lC"f ^iDSVffli 
DSVUffla-HtLtmaLtSlfiD* 
f*rt*»fcS*U 5p*feDSVIM»<0tt»Ttt*l«)*fr 

[0021] 010 (a) iCttDSVMWmottffiO 
(1, 7) RLLSf^WSSntV^, CCTti, 0 

io (a) ic^-r (i, 7) RLL??^jtc*5^raa 

LTt^t'7hA, Bfr1lC*fLTDSV»Jffl3-KS:Jf 
AT^fcOtf^o 010 (b) Ktt, ±f2t*ybA, 

T» t'-yhA, B<D\iy Hia^g(E/*gg©DS V 
ff!ffl®SU<£&ft;r£t;:, <h*>£§2C0&ft=£ffi£L 

^, Sfc. 010 (b) TteDS VSd«n-K©t*y h 

nfns^ntir^. kt, Dsvaa^-K^2t'7 

[0 0 2 2] Z.Z.~£* (1, 7) RLLO^iE&JWICft 
-ofzm^\Z\L (A, B) ^(h^l^l^t 

\*. (0, 0) , (1, 0) , (0, 1) co^^o^-r 
rifrtteZo 2t'yM:«t5DSVjB»a-F601O 

(a) CSteyhA, BPpllltfAT It, t* 

ry h (A, B) (omffi (0, 0) DSV 

010 (b) (C^Ti:3tC, [10] t)L<li [0 1] 
«Atf^<7)»^(Ctt. hfyhAKffl* 

[0 0 0 0 0 0] O^IC *0' #6[hIB«LTI/»*pJ 

4 0' a*6iaS«LTt>*<!:LT*K DSVSJSD-F 
<Ok'y W1$'->£LT±SB [10] LTtfAT 
5Ctt, 4 0* <Datt0»tt6[Hli;S:oT (1. 7) 
RLLtlTW (d,.k) SJIBSr^S^t^T**. H 
HBHBoey h^J(Z*5HT *0* ^6 0M 
UTl^<t#tC(4. DSVfi|»a-K©e7h/^-> 

<h it [on *aiR-rntf»iojfeftSr«s-r*. - 

[0 0 2 3] CintCttLT, #5CIHW«:ff5fc»«C 
tt, SB2fl!)ftft=*»JE-r'SDSV«W3-Koey h/^ 
^->ilTli [0 0] bsWRUfc&OfcfcH. 

hfyhA£JUM, fclXlib:* hB«»<oe-/ h^JlC 

fttDsviiM3-H*MT 'o' #8E«±*arr 
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[0 0 2 4] J£TF\ mmizm 1 0 (b) iC^TcfcpC, 
t'yh (A, B) <&ffi# (1,0) <B«£H*3l>T £ 

>ilT [0 1] SMnctT^ifeDS VMflJtfpI 
gg^Ti^CDiC^LT, #fie«ffll*fT5fcai)^ttDS V 

li [0 0] L^««£&0»&^fc«>, fyhBKK© 
My bmz&^T *0' *<6®«±il«LTl»*#ffiT 
US l <D$kfttimiz£i\T\z^±D SVfflW£&Z>. 

mmz. Myb (a, b) <om& co, n co^ic^ 

7h/^->i:lt [10] £<fc-rtS±DS 
Cltt, S2(0*ft6Jlfini:B [0 0] L35^«<t«c 

[0 0 2 5] DSViH»3-K^2tfyh 
#£(EM»*fT5fc«6J3tt. fg 2 
i^t^DS VfB9»a— Kot'y h/^->ilt [0 
0] Ctofcfi^iC, DSVffl^zi 

— Ka*#ASnjtRLLff#^JK£^Ttt. '0* #8 
EIUl±attLT (d. k) BUB^Sntt^BlllItt^* 

[0 0 2 6 ] *l:DSVM»3-K^3 My b<D^\Z 
\*:k<D&v\zU*. Jfc?\ hf^h (A, B) <a«a* 
(0, 0) 0£*KECiHWSfT3fc»tctt, S20^ 

[0 10] tfflttifcD. CflDfc^lcUU t'7hAW 
^ hL<\tMy KB KB© tTy hJiJtC^UT ' 0' 

eisiaauT^^ttJi-esoTfeSiDsvBa^pig 
n-Kotr-y h/^->tit [ion tnc^t 

[0 0 2 7 ] ifc, t'*y h (A, B) <0«# (1, 0) 

<D£%\zK&fflmz'rtofz&>\z\$. j m2<D3kftzm&T 

5DSV»»3- KOtyM?->tLT [0 0 1] 
$:Mt^^<ht, t # -y hB£t»©hf-y hMJCi3l»T 

4 0' 3&*7Sa«iUTlr^ttffl-C*^Tt). Sl^ft 
tti&fcSft, ^DSViB(»*«nII6ttt*. CtllCJtL 

SVttWn-KOfcf* h/t*-><D«*itt [0 0 0] CD 

My b B»b'7 b^JCl&^T 4 0* 
5®a±a«Lfci*lcli (d, k) MIBS^-SCi:^ 

T-#r, o^oig i <oftfr^stfc$n-rtc^±Ds v 

ttWttt*. BI«»C, b'7h (A, B) (0, 
h'<y ><fc LT [10 0] £ffll>ntf, ^iDS 



CUL »2a)ftfl=*Mfc-rDSViHW3-HCDt;!y 
*-><&«*ifi [0 0 0] (DfrtfcD* t'7h 

i\Z\t (d, k) *JIES^*C£j&<T#riZ*SE£DS 
vmWtteZ* Z<D£v\Z. D S ViHfilu — K#3 h' -y 

[0 0 2 8 ] cniC^LTDS VSJfflla- K^4 b'*y K 
<0«£fCte:*<8cfc3tC&£. 5tr, t'7h (A, B) <8 
(0. 0) 0*^(cS(EfWW*fT3fc«e)^tt. %2 
OftfrSSIS-rSDS VIHffla — KOfcf-y — >i 

LT [010 0] Xtt [0010] ^«**t>i-5. CCD 
k'y h/^->TSnit k'-yhAJBUMK *>L<lifc?-y 
hB«(Dt'7 h5»J(C*5HT '0' # 6 Eslilgg LTl>3 
ttffiTSoTfc. ±15 [0 10 0] X\Z [0 0 10] <£> 

Mm$:'uofzsb\z\Z. DS VfH$pn- K^k'-y h/^- 
><tLT [10 0 1] £JfATS££Tmi 

fcstiT^Dsvfwai^BisEta*. t*7h 
(A, B) <nmtfi (1,0) <0«£icEtEWW*fT3fc 

#{1(4, DSVa^a-^t'7h/^->ilt [0 

0 0 1] «:»A"r*Ci:T, 3E£D S V/gffl^pJfg 

0, *fiefflW€rfT5fc«>JCtt [0 10 1] £#AT*1 
«^DSV»J»7&^pIISi:&S. SSir. t'7h (A, 
B) <DM# (0, 1) ©*£ICfiEfflW*ff3&»lC 
14, DSVa»D-KOl:7M^->i:lT [10 0 

01 S:»A-r*^i:T, t*c£D S VS9»3&^*Ei«t 0 . 
$E&&mffl&'rtofztb\Z\Z [10 10] SJfATtlBS 

- na<4 e*y b tzntzm^izteisizm i (D&ftzmrz 
[0029] cn*-ca>K^&»^-s<t5«^ d, 

7) RLLJ?-^MiZ»UT*«C5Lfitfy htLTCDDS 

tLtzm^\zit. d s v $m a - k ^4S/J^T' 4 1* ^ 

14, (1. 7) RLL?f^MflD»^S«JC*tffc^ m 
X\Ii&<D (d, k) R L Lftnmz&lsiTh* ±IHH 1 
OJci^K^ttpUT-tn-enHWo (d. k) ©IPgic 
Jfl^Tx^D S VfiH9*« plfg^D S VfflBa— H<7)«k/h 

^*5ISg*:DSVSJfW3-F<7)«/jNt # *y hgfcBm i n^4. 
Bm i n = 2 X (d + 1 ) 

[0 0 3 0] (d. k) RLL3-9?iJHjrr* 

D S V«Ba- HOffAIBIH^H-cOjfeftTS-St-rtl 
ti, (d, k) RLL^#?iJil*fLT, ^DSVJIi 
*<?IIIEtaft4«/M;y hft ( (1. 7) RLLWW 

m^X'$>t\\i4 My b) <DDS vmfflZJ-bZm XLtz 
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(DV&Ztf, DSVSIia-KH (d, k) RLLf? 

<Dtz#>. DSVSHWSrff 5u±D S va*pjfig&« 
/htiy HCcfc*DS VfHSPu- K^mtcTLgb'^ h£L 
T^A-r^cfc^tCUfctLTfc. (d, k) RLLfS-Sf 

[0 0 3 1 ] *ut'*H?Btlt (d, k) RLL3^ 
?iJtZ*fLT^AT^#D S V»J«KOfc»<D7Lfif -y h <h 
LT, ±E^4DSVIW»^l!Ea:«/hfcfy h»«kOt> 

fcnfc (d. k) RL L?3F^<h LtlCfiU/iM^I 

[0 0 3 2 ] (3. *$kM<D&m<DDS V^JPn- K) 
<3-a. *HJfiO»!»cODS VffiH»3— HO«*>BI 
1 (a) tctt, DSVffl'fflwlO (1, 7) RLL^ij 
^SnTUS. *HJB<B»ffiK*3^Ttt, 01 (a) 
(C^T (1, 7) RLLW^UK&tt^DS VfM«D-- 
HOff AfiIP^)iS3 k'-; h^SIiti7 h^'JBP 2 
^IT^itS, fit, DSVWNfC^^TH z. 

cosset: y h^jB p 2 «a-r*£»^-:/;uK:s 

SdHa— KB P 1 tC^^L, 01 (b) IZtR-TXoIZ. 
±EDSV«»a-HBP l«:S«»t;-y hJ«BP2 4: 
ffi€a^^)c±:f)t3bT (1, 7) RLL»*?iJtC3ctUT 
ftAt^o :<0J:5S:DS VfH»a— K<B# A^fetcJ: 

n«. ds viBiiai©&*tc#Asn57i:fitfu/ h«3 bf 

iCLT4h'7 hOTbfib'-y h?]4DSVH»a - Ktl 
T* At^i^O t>, DSVBH^fffenfc (1, 
7) RLL#*<kLTOJEft**«<T*^£^tiEfc 

[0 0 3 3] &*3, KR<0K9itC&fcO, 0 1 (a) tl 
jST (1. 7) RLLW#y»JtC*5tiT> IfA&MP^ii: 

fltriciis-r^t: v hzmm^mvy h b t 1 <^h>, # 

2£1>V>, Stc, J¥Affi«POiE«Hfi«'rS6 t'-y h 
JCtOJgfiKSn^hfy h^JS^aat'y h^'JBP 3 
Z.t\Z?Z>. Cft6KW*BHbfy hb t 1, tf 
7 hbt2, #8Bfy h^'IBP 3H ^izET 5 (I U 

[0 0 3 4] <3-b. DSVIWW3- HSCttr—^ 



T, «ft<B»*ifc*S««fcTy h3*JBP 2lc«*«*> 
£DS V?Hffl)=i-h*BP l<D\dy h/^->*»^w(i: 

[0035] 02^ ^mcDmm^Dsvmmn-^ 

©fgiSSf^^T'^O, dTt^Stia!LfeS2<7)^f4 : 
SttJE-TSC t(OT#SD S VSJffln- KtW£*S£ IT 
^tfSftTt**. DSVfiffl)3-Ki*A« 
(1, 7) RLL^tLT^) (d. k) mtBi&tf Z> Z. 

i&*2(0*<*£*ST*tfy h/t?->6*t5DS 
VMffllD-KtUTti- 02 tcSTi^lC, No. 1(0 
[000000] -No. 21© [101010] 02 

[0 0 3 6] 0 3te, *$km<D&M<D$t&7 L -7)1s<Dft 

^C^^TM^ItoTIKo (1,7) RLLfSF^J 
t3fett^0 1 KSLfc 3 b'^ h©»«Sit # y h^'JB P 2 
tLTH (1, 7) RLL??^ (d, k) ©JEltCfie 
oT, 0 3 \Z&tfZ>mh&<DF\\Z7fk'f£.'0\Z, [0 0 
0] , [0 0 1], [0 10], [10 0], [10 
1] ^^tBn^^f'V h/S* — >£Bt9»*;i LlZfc 
£^6 2#S^Ji:l4DSVfH»3-K(0t 

7h/^->^$nt^o, cms h/^-> 

te0 2 tC^L/iNo. 1-No. 2 1 ©48*1© + ** 558 

iRsnxiiS. 3#ao^jfcti#sG/se<7)#j 

IMtSk'y hb t 1, fi«#BBfc - ';/ hb t 2K^#» 
h*<y h^'JB P 3 <Dv~£><DMtlfr<Df%W<D¥y hrt^CD^ 

[0 0 3 7] 5fc"T\ »«8lb # ^ h?IBP2^ [0 0 0] 
<Dm^\Z-D^T3%PLfz^. DSWUmw\<0 (1, 7) 
RL LW-^JKistt^Jf A(i»P©iMlr*3W*ieift<Z> 
\s y h^tiilT, [0 0 0 0] ©/^->;&*58£T* 
plflEtt^fcSCttctt*. Sfc* ffAfi:«POiEW#Sg 
t«y hb t 1 &SlW4ffi»#flBt:y hb t 2 # 4 1 * t 

vmrnzi-FtLT, WiH 0 2 {C^UfciRttOtf 1 ^ 
6 [001010] h/t^->«raRL» ^<0tf 

h^^->*»tftUTjf A-rntf, DSVMan-H 

BPlttA^ (1, 7) R LL^-^^Jtr^^TH 

fc, ReSJffll^^#iCli [0 0 0 1 0 0] <D\Zy Y>K9 
->*»A"Tntf. |SI«tzDSViWWa"-h-BP lJfA 
(1, 7) RLLf?^^J(Ci5lj-^ 4 0' ^g^agg 
Bc£7Etrtt"r-5^i^t?#Tg 1 (V&ftZffitzLfzK 

iC, 81ffitvh?IBP2^ [0 0 0] <7)«-&II, DS 
V(WWa-Htt#S(EW»©Hr(ctt [00 10 10] * 
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KlEWftKOISfcli [0 0 0 1 0 0] SttJfcS 

[0038] aaifttry hwbp 2 a* [001] 

tt, (1.7) RLLft#MtC*tt*tfAffi«P<0iaiffl 

tiyhytjTii [00000] <a/i*— >a*5E£u 

(Dfc'-y h5«l;:*5t>Ttt [0 0 0 0 0 0 0] <0/1*->*« 

'i' -c*4^rtgtt*«**. tut?, *KC(m<ot* 

ictt. DSVSi3»Ki:lT [0 0 1 0 0 1] c^b'-y 

itt*. SCIWWtfT5i:#»Ctt, HI (a) il 

3K3n*BM#83t: y hbt 1 R^#SStf . y h^tJB P 3 
©eyhtt«i:«i;T, DSV|ffl3-h # tLT2l« 

■»eyhjiBP2 [o o i] <Dm^(DK&mwmz& 
t ~* t tri-c\ ±iEam#fighr-y hbt 1^ *r *^se« 

tt. WAtfDS V8JW:3 — KiLT [000010] <D 
eyh/^->61RtWt DSV(BW3-K»A« 
CD ( 1, 7) RLL??^ilC*5^Tte '0' ^ 7 £k±M 

fix, iBffi[#flat:y hb t iRr/#flatfy h 

MBP3CDt:yhttlB^±e£tn<!5»^JCtt, DSV$iJ 
fBn— KiLT [010101] %m$lTZ>Z£\Z&-o 

[0 0 3 9] £ZLZT\ ±K««»bf!y hyiJBP 2*< 
[0 0 1] ^if^tC^TI^ DSVH»a-KiLT 
[010101] <0\Zy h/^ — ><B**»JRLTt>^ 

bt 1 RtftlKy hMBP 3^±E©±54ty htt 
[0 0 0 0 1 0] ©hTy h/S* — >*S 

[0 0 4 0] 14 (a) \z\t. tMKyh«BP2* 
§ODS V^JPS9CD (1, 7) RLLSWI^SnT 
t>*7&«, ISC ^<D¥y hmzttLT* [0 10 10 
1] flDDSVS!lfflJ-K61*aA»At5Cil:±o 
TDS V$<i®)£fT^£:<i:-t*. DSV»|ffl»<0 (1. 
7) RLLflFW0tt»i:LTHH4 (b) lCiR?\fc5 
Kfc***. H4 (b) ICS"r??^J«C*tLTNRZ I Jg 
WSSSLfcfc^lcM:. 04 (c) KSTift»<OW»a<» 
bn^C(hH^^) 0 i4 (c) C^tNRZ Ig^f 

-eia. [010101] 4 o * £ 4 i * #£2<t 

±0. KHA^45lr»T2Tfl!>«/jNRCKW*«attUTS 
[0 0 4 1 ] *jlSg<7)JBffi<DJ:-5(C, »«ttt # 



■y FJWBP 2CD|fI^C0b*-y httig«:#HLT- *Jf6fc* 
^(Cl±, ffl Atf ±E [000010] <& J: 5 «C ' 0 * <h 

4 1' tf^DSViMla-Kotyh 

L^l^^CLTl^o 09 A (i, H4 (a) \Z^LTz 
(1, 7) RLLff^JiCfcfUT, 14 (d) \ZtkT& 
5tCDSVIWH3-H [0 0 0 0 1 0] £S#&A»A 
Lfc*£lCli, NRZ I«W??^I4H4 (e) iC^Tte 
14 (e) iC^TifiJBTtta/hSlEKPatl 

[0042] H3lCfe<E0. «B»f^ h^JB P 2^ 
[0 1 0] <B»$lC-3^TK9rr*. £<B«'&£li, 
(1, 7) RLL?f-*^J(C*5W-SJ*Afi:«P©S9atC*5 
l^Tfi. [0 0 0 0 0 0] <D/^ — >a«5B£"r**Jffitt 
Sot. *SeP#(c*3HTtt. DSVSijfflln- 

K0ti7 h/^->iit [oiooio] *»iR-rn 

S£&*t¥Am<D (1, 7) RLLff^JlC&^T 
tt. *0' ©Bttlilft3&«7etrti<t-3T^±DS VM» 

[0 0 4 3] CniC^fUT, lf£E*£M»P$lC*3U-ni, 

fiM#JHfcf:y hbtl t!ia#ffih:^ h b t 2 £#Bi 

- &43. y h b t 2 tt. Hi 

(a) fc*-TJ:i«ct6»ftty h^JBP 2<D\M.mz&m 

-?z>\zv hT^^o 5t-r, m.mmm¥v hbt 

»i»t:7K?)BP2(DiJ»i: [oooooo] to 

SVOTD-Ktlt [10 0 10 1] ^StR-T^o £ 
nfCckO, DSVBfla-HoiSftASAao (1, 
7) RLL??#W<D«SfafCi3^Ttt, '0' Ol«^6 

[0044] a^x. BW#Hatr^ hbti^ *r 

T, *^ita#flaty h b t2^ 4 0" <0»-&tCtt, # 
ASBPcD^^tC [0 0 0 0 0 0] <0A** — >a*3E£"r 
CI foL CCT'liDSVffl 

KtLt [0 0 0 0 0 1 ] COb^v — >*» 
S?L,T^KD^#^«^TJ:otz-r^o SIC. iE^#H3 
k'7hbt2^ 4 1 ' Tfe^^^iZil. «fe»*L^D 
SVM»3-Kt # 7h/^->tLT [0 1 0 0 0 0] 
&mtfl-?Z>o ZtiiZ^O. mi<D^{t^^ST^DSV 

[0 0 4 5] ftlftfy h^JBP 2^ [10 0] 

(1, 7) RLLf^F^^JtZ^lt^^A&gPOffl: 
StJir^UT [0 0 0 0 0 0 0] <D/t 9 — Z>vl 
«[»JC45^Ttt [0 0 0 0 0] 

-Ktlt [1 0 0 1 0 0] 0)¥y h^^->satRr 
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4 1* <Dt£t '0' OtftTSWt # 7h^-> 
^iM^-T^o fcf, B«#gHty Fb t 2*< 4 1 ' <£> £. 
£(Ct4* [1 0 0 0 0 0] <^t'7 h/1*->£iM&T& 
CilCcfcO, ffiUffAtefiSffl** [0000000] X 

S V»Jfflln-Kil,T [10 10 10] <Bk*y F/^- 
i H4(CTKMLfc<t5«C 
[10 10 10] <OiSJ?S:iatt-5CtT'»/jNjEeiSBa<7) 

hb t 2^ 4 0 f <7)tS(Ctt [101010] ^ii^T 

[0 0 4 6] ttltSltfy F^'JB P2^ [10 1] 
IC14, (1, 7) RLLfJ^JKfcttSffAttBPWffl 
f£tC*3l>T#lC [0 0 0 0 0 0 0] O/l*' — >7&<5B£f 
**IUEttrt<»*. «£oX, #RGfB»«tCttDSVIW» 
[1 0 0 0 0 1] SiSlR-rsctT, SI 

ttDS Vfi|»3 — Kt LT [10 10 0 1] $:iMtR-r^ 

© S El & £ ffl A £ cfc 5 $ n -5 o 

[0 0 4 7] *:3li£O^J&Xf4, ±KH3(C^Ufc*K 
fttf-y F^'JBP 2^t*7 — >fC3*-TSDS VMffll 
a- HBP l^fy h/^->0Mrtf^^f-y 
;i/5 a i:UT^Sc-r^). f bt> dcaSft^— 7)l> 5 a 
<OF^(ZgO%>X, (1, 7) RLLff-^HCfc 

tt^&M&b'-;/ F?UBP 2tC*fLX, IWftb'y KA^ 
->CDDS V»Jffll:3 — F AfSckittUT 

[0 0 4 8] (4. x>rD-^<D«f£atf«^fflgM 
ft) B5StfH6ft#BHLT, *SMfi<0»»£:L 

So 0 514, **«(O*ffiOX>ri-^(O«|J5!c0iJS:^-r 
yn^^BTfeS. ^©Hic^-r x>zi — 5^4, A*5* 
-*K»LT (1, 7) RLLXBIffla, DSVIHfll, 

anxv>*. 

[0 0 4 9] H5lC*5CiX«. A^f^-^D 1 # (1, 
7) RLLX>D-^ll:ai / TAASnS. (1. 
7) RLLX>D-yiT1t A*^— 1 (COl>X 

(1, 7) RLLffiWSlffiU (1, 7) RLL^D 
2 t ITy 7 h 2 ICJ* LTMt v7hU 

>*X*2TI4. AASnt (1, 7) RLLf^^D2lC 
tn^XBfg©^ 5 >^Tv7 F^rfT^c ^LT, CKD 
(1, 7) RLLS^D 2C0^-5>Ji](£>5*> 
^b, tSfiftfcfy H51BP 2, BM#fHfcfy Kb t IS 
tf#sab*y F^'JB P 3 (ES#B3ti'V Fb t 2 Sr^tf) 



SDS ViHfflO- F#AfiBPflil«^BrSfy FScD^ 
-^MDS Vilg^-^D 7 tlTD S VSt»i§6II 

(1, 7) RLLfflF-^D2tC^tiXv7FSff-3X. 
(1, 7) RLL??^D3^:LX-trU^5 ? 3tCI±l^*r 

[0 0 5 0 ] DS Vfflffl^— FS!REBS5lCi3^Xtt* 
Bl 3 l:STrt8<0»«« *M<»»S nfcfttft^-^U 5 
a^fflAbtlXl^, dcDDS Vf&J^xi — KigJRlsI8S 5 
{C#LTI4. mf^cOcfc^tC, ->7hUyX^2^bT- 
?D6£LX* F^JB P 2, ffl«l#H8l:'y F 

btl, FMB P 3 (ita#Kt # y F b t 

2£^fr) <Ottf«^AASn5. -^CX% DSVffjil$)=l 
-F»tRH»5Xtt, A*SnfcttB»fcfy F^JBP 2 

■yhbt 1, #HSt:-y F?'JBP3, fi«#BBfc:';/ Fb t 
2O3^CDm^C0tflg^±fS^fe^-y;U5 a<Dft&£ 
HaSL^to-fr*. cntC^D, A*Snfc««ftt'*y F 
^JB P 2 tZ*fsS-rs#SteiWWffl <kE(E««fflO 2 O<0 

Dsvsii»3-K^i«LT, cnsajRsn&Dsv 

KSDS V«H[»6 JC»UXx-^D 8 t IT 

[0 0 5 1 ] ^< ^ >y^x^U— ^ 7TH 
(1, 7) RLLX>3-^1^6A*SntflF^Jl: 
S^^T, DS Vigg^6^^irU^^ 3lC*5tj-^ffl31 

LXtB^-r^o 
[0 0 5 2] DS ViHS§|6tCi5tiXt4, f-^D7i 
LXASSttfcD S VfcJ33- KJfAttBPWaO)^- 

ffl<hSG»JWffl©D s v«i»a-H«:^n-?n»A"rs 

d<hil£9, *Seej»fflDSVMWzi-H^»ASn 
fcDSVaif-^Dat, fiCIM»fflDSVilBIB3- 
H^ttASntD S Villj-^Db <D 2 -3<2D S Vg[ 
w^- * 7 ^LT, cne2OC0D 

s vrnM?-* -?u y $ cs^itoiitD s vmvm 

w&m^ DS V«WSl^©DS VSI^x-^^D 
y?l:»ASnTCifcDSV(«Sa-KS:. HP^tC 
(1. 7) RLLW^tCjfA-r^SDSVfflffllZI-FD 

i o iuxiijRux, -tru^^ 3icm^-r^o ±fe^cfc 
5ttDsvaij|[»6«ci5tt^«ii[H:e»aii, ^-r^> 

U-^ 7 i^««SftS^< 5 >^{f^D 9 II 
1^1 Jfc ^ -f 5 > y IZ <fc 0 $ n^> o 

[0 0 5 3] -b Ui^^ 3 14. hl/yA^2^bftJS 
Silt (1, 7) RLL??^D3iZ*fLX. (1, 7) 
R LLj?^D 3 lz43lt*«»»fcf?/ F^iJBP 2$:DSV 
FD 1 OtcB#«A#A"r*^<!:«C«tO, DS 
V©ja^frfc*afc (1, 7) RLL3^?i]D4$:i5EL 
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TtB^-f^o ±E (1, 7) RLLff^5"JD4lt N R 
Z I x>a-y4l;«JSSftTNRZ I ajBMfflatfttS 

ST & fz » ©fee ^- * <h L T ?u m S ft 3 d t IC 3 . 
[0 0 5 4] B6H _tfE05 iC^LfcSI/iElCcfc*^ 

LTl^o #J*_t£, 06 (a) iz^^r?^ $>{/RZfi\i 
•vN^JCi^f-^Dl^ (1. 7) RLLX>Z3 
-i^lCAASftftitii:, (1. 7) RLLx>n 
-^lliC©A*^-^M«C»UT (1. 7) R L L |£ 
i^^iSLT, 116 (b) l:Stt'7 hMizJ:* (1, 
7) RLL^D2^±^UTv^hU> r X^2tCtB^ 

y7H/y^2tlt El 6 (b) \Z^t (1, 
7) RLL^D20^^, »iat'7hJHBP2, A 
' H9#Sg hbtl &tf#8gfc: -y h^iB P 3 (X»#hs 
t'yhbt26§tr) £f-*D6tLTt'7h/W- 
>»«[sI!ft5l3««&-«-*. C©»^iCtt, ^JAtS 

@6 (b) C^t (1. 7) RLL?3F-S|D2lI*5lj'*« 

-^D7<hbTDSVsigii6(c«^T^o rcoi^-e 
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